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SONAR  TRANSDUCER  RELIABILITY  IMPROVEMENT  PROGRAM 
FY 82  FIRST  QUARTER  PROGRESS  REPORT 


1 .  INTRODUCTION 
l.l.  Program  Overview 

The  primary  purpose  of  this  program  is  to  develop  Critical  Item 
Product  Fabrication  Specifications  to  support  the  acquisition  of  reliable, 
cost-effective  fleet  soi  ar  transducers.  This  program  will  provide  r he 
technology  base  for  t he  development  of  overall  transducer  design  specifica¬ 
tions  through:  the  definition  of  extraneous  noise  criteria,  the  definition 
of  reliability  and  life  prediction  models,  the  anal  /sis  of  failure  modes, 
the  collection  of  a  statistical  data  base,  the  characterization  and 
specification  of  materials,  the  development  and  application  of  new  design 
concept  and  diagnostic  procedures,  and  the  development /appl  icat  ion  o4 
methods  and  facilities  for  accelerated  life  testing  and  extraneous  noise 
T&F.  measurements. 

The  output  of  this  program  will  consist  of  the  specifications, 
standards,  and  formal  documentation  for  the  materials,  components,  and 
processes  necessary  for  the  design,  test  evaluation,  and  ultimate 
procurement  of  reliable  fleet  transducers.  These*  deliverables  will  define 
the  required  chemical  composition  and  mechanical  properties  of  materials, 
interpret  gathered  reliability  data  to  define  failure  rates  and  mechanisms, 
define  assembly,  quality  control,  and  diagnostic  procedures,  and  define 
the  required  methods  for  the  performance'  and  lifetime  evaluation  of 
t  ran  sducers . 

The  program  is  organized  into  four  major  Task  Areas,  each  of  which 
contains  several  Project  Areas,  and,  in  turn,  ear)?  am*  .»f  which  will 
contain  several  specific  Work  Units  that  will  change  each  rear  in  response 
to  milestones  established  by  the  acquisition  requirements.  The 
organizational  structure  is  shown  in  Fig.  1.1. 

The  FY82  Program  Plan  for  STRIP  has  been  described  in  detail  in 
Appendix  A  of  NRL  Memorandum  Report  4  613.*  'The  specific  work  units  and 
their  principal  investigators  for  FY82  are  given  in  Table*  1.1. 


Kig.  1.1  -  Sonar  Transducer  Reliability  Improvement  Program 


Table  l.l  -  STRIP  FY82 
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D.L.  Carson 
I. A.  Parks 


1.2. 


SUMMARY  OK  PROCRESS 


Progress  was  extremely  limited  in  the  first  quarter  of  FYS2  because  of 
the  delay  in  funding  which  resulted  from  the  lack  of  a  national  budget. 

Work  progressed  in  only  six  of  the  21  work  units,  and  onlv  then  because  of 
special  funding  situations. 

1.3.  PLANS 


l  he  annual  program  review  of  STRIP  which  is  normally  held  in  March  of 
each  year  wilL  not  be  held  in  1982  because  of  the  limited  progress  resulting 
from  the  delayed  funding.  The  program  will  restart  as  soon  as  possible 
after  funds  are  distributed. 


1.4.  REPORT  OROAN  l  /.AT  1  ON 

I  he  remaining  sections  of  this  quarterly  report  will  discuss  the 
objectives,  progress,  and  plans  for  the  specific  tasks  included  in  the  STRIP. 
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2.  WORK  UNIT  I.B.l  FAILURE  MODES  FROM  WATER 


2.1.  BACKGROUND 


The  state  of  water  which  enters  a  transducer  and  its  effects  once 
inside  are  continuing  problems  in  the  sonar  community.  Important  questions 
are: 


•  What  impurities  come  through  rubber  seals  with  water 
permeat ion  ? 


•  Where  is  the  internal  water,  adsorbed  or  vapor? 

•  What  temperatures  or  heat  flows  occur  within 
transducers  when  the  ambient  temperature  changes 
or  the  device  is  driven? 

•  What  value  is  desiccant  in  a  transducer? 

•  How  can  the  lifetime  of  a  transducer  be  accelerated? 


2.2.  OBJECTIVE 


The  objective  is  to  determine  the  effects  of  water  or  water  vapor  on 
the  performance  and  lifetime  of  sonar  transducers  and  hydrophones. 
Specifically,  the  effects  of  the  neoprene  seals  on  the  permeant  (and  vice 
versa)  and  the  electronic  changes  caused  by  the  permeant  are  to  be 
invest igated . 


2.3.  PROGRESS 


2.3.1.  Water  Effects  on  Transducers 

This  phase  of  the  work  has  been  completed  with  the  conclusion  that 
TR-208A  transducers  and  others  of  similar  geometry  and  construction  which 
have  experienced  degradation  of  f roe-field  voltage  sensit  ivity  and  trans¬ 
mitting  current  response  because  of  aging  and  internal  water  saturation  can 
be  restored  to  their  original  performance  by  very  thorough  drying. 

The  problem,  of  course,  is  obtaining  the  very  thorough  drving.  When 
the  same  drving  procedure  was  applied  to  another  water  saturated  transducer, 
the  X-308,  the  performance  was  not  restored  to  the  original.  In  each  case, 
the  transducers  were  first  aged  in  a  70°G  oven  with  internal  90/  RH  and 
then  dried  by  connecting  to  a  closed  air-circulating  system  consisting,  ot 
a  small  air  pump,  a  desiccant  tube  filled  with  type  4 A  molecular  sieve  and 
Mg  (CT-D4)  o  ,  and  Lygon  tubing.  It  was  found  that  the  X- 308  contained 
6.7  g  of  water,  hut  since  the  air  volume  was  capable  of  holding,  only  0.iM4  g 
of  water  at  897  RH,  then  99.57  of  the  water  was  adsorbed  on  internal 
surfaces  or  absorbed  into  parts  such  as  rorprene  or  printed  circuit  boards. 
This  value  is  comparable  to  that  for  the  TR-208A  whore1  98.2/  was  adsorbed 
or  absorbed.  Because  of  much  more  surface  area  and  a  much  more  compl icated 
inner  structure  for  the  >-308,  the  time  for  the  drving,  cycle  must  be 
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extended  to  achieve  the  same  degree  of  recovery  of  properties  as  for  the 
TR-208A. 

2.1.2.  Water  Permeation  Through  Elastomers 

long-term  experiments  are  continuing  with  Dl  and  saltwater  as  permeant s 
through  Burke  Neoprene  5109.  Experiments  were  begun  at  20,  40,  60,  and  80°C. 
However,  anomalous  data  seem  to  be  appearing  at  80°C,  such  as  lower 
permeation  rates  than  the  60°  samples.  Also,  some  deposit  is  appearing  on 
the  outer  surface  of  the  high  temperature  samples.  To  prevent  extreme 
bulging  of  the  rubber  in  the  80°  test,  the  complete  assembly  w»as  preheated 
to  the  test  temperature  before  it  was  sealed. 

Preliminary  data  are  given  in  Table  2.1  for  the  results  to  date.  Data 
for  the  three  temperatures  given  in  Table  2.1  were  used  to  generate  an 
Arrhenius  plot  for  the  determination  of  the  energy  of  activation,  Ea ,  for 
permeation  of  fresh  water  through  Burke  5109.  This  plot  is  shown  in  Fig. 

2.1.  1’he  permeation  constant,  P,  for  5109  has  been  determined  by 
Dr.  Cor  lev  Thompson  (NR1-USRD)  to  be  2  5  ng-cm/cm^-hr-torr  at  20°C.  This 
value  roughly  agrees  with  TRl’s  room  temperature  P  of  21.9  ng-cm/cm^-hr-tor r . 
There  are,  however,  discrepancies  between  NRL1 s  and  TR1 1 s  elevated 
temperature  data.  TR1 1  s  calculated  Ea  was  12.2  kc.al  mole”*  compared  to 
NRL's  viilue  of  about  1  kcal  mole**. 

Table  2.1  -  Permeation  Data  on  Burke  5109 


Permeation  Total  p, 

Condition  Rate,  Flux,  ng-cm/en*--hr-torr 

mg/cm2/day  g 


i 

23°/DI 

0.050 

0.059 

21  .9 

2 

23VSalt 

0.065 

0.155 

28  .8 

3 

40V/DI 

0.42 

0.316 

79.1 

4 

40  */Sa It 

0.41 

0.465 

78.7 

5 

60°/DI 

3.67 

2.435 

256 

6 

60  * /Salt 

3.91 

2.492 

276 

7 

80*/DI 

Restarted 

— 

8 

SOVSalr 

Restart  ed 

— 

--- 

6 


1000 


Fig.  2.1  -  Determination  of  the  energy  of  activation 
for  permeation  of  deionized  water  through 
Burke  5109  neoprene  rubber 

2.4.  PLANS 

Plans  for  the  next  quarter  are  to  investigate  how  much  wate 
oil-filled  tra  sducer  accept  and  where  will  it  go. 
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3.  WORK  UNIT  II. A. 3  ALTERNATIVE  MATERIALS :  METAL  MATRIX  COMPOSITES 


3.1.  BACKGROUND 

The  main  reason  for  considering  metal  matrix  composites  is  to  increase 
the  bandwidth  of  the  transducer.  The  bandwidth  of  the  transducer  is  inverse¬ 
ly  related  to  the  total  energy  stored  in  the  vibrating  system.  If  the  stored 
energy  is  reduced  in  relation  to  the  energy  dissipated  per  cycle  than  the 
bandwidth  will  be  increased.  There  is  energy  stored  in  the  head,  the  ceramic, 
the  tail,  and  some  in  t fie  acoustic  field.  Of  these,  the  head  is  unique 
because  its  velocity  is  the  same  velocity  that  flows  into  the  load.  So,  in 
addition  to  the  head  being  located  where  the  velocity  is  maximum,  that 
velocity  cannot  be  reduced  without  reducing  the  energy  radiated.  Therefore, 
the  only  way  to  minimize  its  stored  energy  is  to  reduce  its  mass.  This  mass 
reduction  is  what  the  metal  matrix  composite  material  is  expected  to 
provide . 

3.2.  OBJECTIVE 

The  objective  is  to  quantitatively  compare  and  experimentally  demon¬ 
strate  the  performance  improvement  possible  with  metal  matrix  composite 
materials  for  the  head  of  longitudinal  vibrator  elements. 

3.3.  PROGRESS 

Progress  this  quarter  has  been  the  establishment  of  an  interface  with 
the  Navy  activities,  significant  progress  in  the  finite  element  analysis  of 
vibrator  heads,  and  ordering  of  silicon  carbide  particulate  alum  parts  for 
the  radiating  heads. 

Analysis  of  Head  Vibrations 

liters  Hi  Hath  Moaol  of  4-hc  :/•"  7-  .7.  The  ANSYS  program  is  being 
used  to  calculate  the  head  displacements.  Support  for  this  activity  is 
being  provided  by  Bruce  Raymond  of  Control  Data  Corporation.  The  math 
model  has  been  set  up  and  check  out  is  nearing  completion.  Selected  trial 
cases  at  the  extremes  of  the  range  of  cases  desired  have  been  run  and  most 
of  the  computed  results  have  been  verified. 

The  model  selected  contains  90  nodes,  60  of  which  are  shown  in  Fig.  3.1. 
The  model  is  a  figure  of  revolution  with  the  left-hand  line  of  nodes  being 
the  axis  symmetry.  For  the  calculations,  sinusoidal  drive  is  applied  at 
nodes  12,  13,  and  14.  Stiffness  elements  corresponding  to  an  estimated 
ceramic  stack  stiffness  are  connected  between  nodes  3  and  12  and  between 
nodes  7  and  14.  A  stiffness  corresponding  to  a  stress  bolt  is  connected 
between  nodes  29  and  57.  The  stress  bolt  stiffness  is  assumed  to  be 
one-tenth  of  the  ceramic  stack  stiffness. 

Radiation  mass  loading  is  approximated  by  appropriately  selected 
lumped  masses  at  nodes  50  through  56.  Radiation  resistive  loading  is 
approximated  by  appropriately  sized  damping  elements  connected  between 
nodes  50  through  56  and  nodes  57  through  63. 
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Thirty  degrees  of  freedom  are  used,  sixteen  of  which  are  specified. 


Fig.  3,1  -  Finite  Element  Math  Model 

Computer  Pvogvan.  Output  Data.  Three  types  of  output  data  have  been 
calculated  and  are  being  evaluated.  These  are:  (1)  calculation  of  the 
first  30  resonance  frequencies;  (2)  calculation  of  the  X  and  Y  node  dis¬ 
placement  for  frequencies  from  1  to  25  kHz  in  1  kHz  steps,  presented  in 
tabular  form;  and  (3)  the  same  as  #2  but  presented  in  picture  form. 

To  aid  in  the  interpretation  and  evaluation  of  the  results,  a  figure 
of  merit  has  been  defined  and  calculated.  The  figure  of  merit  was  desired 
to  be  the  actual  total  volumetric  displacement  of  the  head,  normalized  to 
the  desired  displacement  of  the  head.  The  desired  displacement  is  defined 
as  the  area  of  the  head  times  the  displacement  of  the  nodes  of  the  back  of 
the  head  where  it  is  being  driven  with  unit  velocity  (i.e.,  1.000  0° 

phase).  The  actual  displacement  of  the  head  is  calculated  by  summing  the 
products  of  the  face  nodes  times  their  appropriate  areas.  However,  the 
face  nodes  are  not  all  moving  with  the  same  phase  relative  to  the  drive 
velocity.  To  at  least  partially  account  for  this  condition,  the  velocity 
assigned  to  each  of  the  face  nodes  in  the  figure  of  merit  calculations  is 
the  amplitude  times  the  cosine  of  its  phase  angle.  I  his  produces  a  snapsho 
of  the  head  motion  at  some  instant  of  time. 
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Material  Procurement 

'vised  upon  preliminary  results  of  t  lie  computer  analysis,  head  sizes  for 
the  test  specimens  were  selected  and  silicon  carbide  pari  iculate  parts  were 
ordered  from  PWA.  The  parts  are  due  to  be  delivered  in  early  February. 

The  thicknesses  ordered  are  J .  5'*  cm  and  1 . 90  cm.  The  parts,  when  received, 
will  he  machine-finished  bv  a  machine  shop  near  DWA  which  is  experienced  in 
macliininc,  these  part.1'.  Tin-  material  ordered  is  35'  volume  of  silicon 
carbide  and  has  a  Younes  modulus  of  about  1.3ft'- 10  MPa  (30*10’  psi), 
a  pprox  i  ma  t  e  l  y  double  that  of  00*.!  aluminum.  The  35  Vo  material  is  about 
l  he  highest  silicon  carbide  content  which,  can  currently  be  made  with  a  hit»h 
conf  idence  of  nood ,  consistent  properties  of  the  desired  values, 

3.5.  PLANS 

The  following  tasks  are  planned  for  the  next  quarter: 

*  Complete  the  matli  analysis-. 

•  Hu  i  Ld  and  test  the  mode*  Is  to  support  the  analysis. 


•  Prepare  the  final  project  report. 


4.  WORK  UNIT  II  .B.1 


UNSHIELDED  CABLES 


-  ■/*.  >. 


4.1,  BACKCROUND 

Certain  advantages  such  as  better  waterproofing,  better  wat  er-bl  or  k  in,* 
and  lower  cost  would  result  from  the  use  of  underwater  electrical  ('able 
without  the  internal  shielding.  The  use  of  unshielded  vs  shielded  cable 
has  already  been  investigated  from  a  mechanical  strength  viewpoint.  The 
approach  will  now  be  to  consider  the  electronics  viewpoint  of  using  un¬ 
shielded  or  shielded  cable  on  the  outboard  side  of  a  submarine.  Concerns 
are  primarily  centered  upon  elect romagne t ic  interference  and  ground  loops. 


4.2.  OBJECTIVE 


The  objective  is  to  determine  whether  the  use  of  unshielded  cable  in 
place  of  shielded  cable,  exterior  to  the  hull  ot  a  submarine,  will  affect 
the  electrical  performance  and  reliability  of  sonar  systems.  Three  tasks 
are  associated  with  the  accomplishment  of  this  objective.  These  tasks  art*: 

•  Survey  and  analyze  the  installation  of  the  1)T— 2  76 
hydrophone  of  the  BQR-7  and  BQQ-5  systems  on  submarines 
to  determine  the  electromagnetic  interference  (EMI) 
environment  and  the  present  practices  of  utilizing 
shielding  on  cables. 

•  Develop  the  theoretical  modeling  of  shielded  vs 
unshielded  cables  necessary  and  sufficient  to  predict 
the  electrical  performance  and  reliability  of 
individual  and  arrays  of  DT-276  hydrophone  in  the 
EMI  environment  found  exterior  to  the  hull  of  a 
submarine . 

•  Devise  and  implement  experimental  procedures  to 
verify  the  predictions  from  the  second  task. 

4.3.  PROCRESS 

Work  continued  toward  the  determination  or  the  current  density  on  the 
exterior  of  a  coaxial  cylinder  immersed  in  seawater.  A  coaxial  model  -  an 
aluminum  cylinder  15.2  cm  in  radius  -  was  used  to  represent  the  submarine. 
The  magnitude  of  the  currents  flowing  in  the  seawater  outside  the  outer 
conductor  provide  a  measure  of  the  field  penetration  of  inside  sources 
through  the  submarine  hull.  However,  the  dimensions  of  the  submarine  model 
and  the  resulting  math  model  are  such  that  the  elements  of  the  matrix  varv 
greatly  in  their  magnitude  -  the  Bessel  functions  are  on  the  order  of  10^u 
and  the  Hankel  functions  are  on  the  order  of  Because  of  such  large 

differences,  the  matrix  is  ill-conditioned  and  yields  a  determinant  that 
becomes  numerically  zero  during  the  computerized  calculations. 

In  order  to  validate  the  mathematical  solution,  it  was  decided  t o 
solve  the  equations  for  a  smaller  coax  is  seawater.  The  solution  to  t he 
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matrix  equal  ion  was  carried  out  using  standard  computer  t  ec  hn  i  ques .  The 
result  ing  current  dens  it  ies  in  the  outer  conductor  and  in  the  external 
seawater  are  shown  Fig.  4.1.  Note  tliat  the  magnitude  of  the  current 
density  is  t airly  constant  across  the  outer  conductor ,  which,  at  a 
frequency  of  400  Us ,  is  an  expected  result.  The  magnitude  of  the  current 
density,  however,  drops  by  several  orders  ot  magnitude  and  continues  to 
fall  ot t  steadily  with  increasing  distance,  again  an  expected  result. 
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Fig.  4.1  -  Current  distribution  in  outer  conductor  and 
in  exterior  medium  of  coaxial  cable  immersed 
in  seawater. 


These  results  indicate  that  the  matrix  equat  ion  gives  trustworthy 
current  densities  when  the  magnitude  of  the  matrix  elements  are  small 
enough  to  allow  realistic  calculations  to  be  pertormed.  The  use  of  this 
method  for  a  large-sized  coaxial  system  is  probably  not  practical,  however, 
because  the  complex-valued  Bessel  function  matrix  elements  are  very 
sens  it  ive  to  change's  in  the  magnitude  of  their  arguments.  For  example,  a 
five- fold  increase  in  magnitude  can  result  in  elements  that  will  vie* Id  a 
matrix  not  useful  for  numerical  calculation. 


The  investigation  indicates  that  electromagnetic  pick-up  of  external 
fields  does  not  appear  to  he  as  serious  as  cahl e-t o-eab 1 e  coupling. 
Consequently,  considerable  emphasis  is  being  directed  at  the  analysis  and 
measurement  of  cahl e-t o-cahl e  coupling  in  shielded  and  unshielded 
situations.  The  studies  emphasize  the  actual  cables  (DSS-3  and  DWD-  O  in 
use  rather  than  simulations.  Although  results  produced  bv  other  types  of 
cables  should  he  re  Intable  to  DSS-3  and  DSD-1,  in  the  interest  of 
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achieving  maximum  credibility  from  the  program  representative  samples  of 
the  two  cable  types  will  be  needed.  These  cables  have  been  requested  f.om 
the  Naval  Weapons  Support  Center. 

Experimentally*  preliminary  cable  coupling  tests  on  a  pair  of  parallel 
wires  over  a  ground  plane  were  continued.  These  tests  were  carried  out  in 
a  small,  water  tank  environment  as  described  in  the  two  previous  status 
reports.  At  this  time,  attempts  have  been  made  to  measure  coupling  with 
the  wires  submerged  in  air  only. 

In  order  to  increase  t he  level  of  the  coup!  ing  between  the  two  wires, 
the  values  of  the  load  resistances  were  changed  from  those  given  previously 
(Fig,  A. 2).  With  these  values,  the  coupled  voltage,  V c,  could  be  measured 
easily  without  amplification  and  hence  noise  ceased  to  be  a  significant 
problem.  The  driving  voltage.  Vs,  was  set  at  19  Vpp  and  the  frequency 
range  from  100  Hz  to  100  kHz  was  spanned.  The  voltage,  Vc ,  was  measured 
at  each  frequency  and  compared  to  the  predicted  voltages  given  by  the 
program  XTALK.  Figure  4.3  shows  a  comparison  between  the  predicted 
coupling  and  the  measured  coupling.  At  all  frequencies,  the  measured 
magnitude  value  is  wit  It  in  12.57,  of  the  value  predicted  by  the  program  XTALK. 
For  the  phase,  the  maximum  error  is  6.57.  The  average  error  for  the* 
magnitude  was  9. 37.  and  for  the  phase  the  average  error  was  0.867.  These 
data  serve  to  validate  the  measurement  technique. 


50  rt 

-wv- 


V^vVp  © 


*7 — T 


1.1*1  Mil 


FT  >  ‘M*  Mfl 

|.Z3«f  MAS  Vc  j 


-r-r  ~7~7  — 

Gr*  und 


/  / 


Fig.  4.2  -  Experimental  setup  for  coupling  measurements 


Fig.  4.3  -  Magnitude  and  phase  of  induced  voltage  Vc 

The  computer  program  XTAI.K  can  bo  modified  to  he  useful  in  lossy  media, 
such  as  fresh  or  saltwater,  simply  by  replacing  the  real  permittivity  c  bv 
t  he  comp  lex  e  f f ec  t  i  ve  pe rm 1 1 1 i v  i  t  v 


ff 


=  (1 


o  c  r 


where  er  is  the  relative  dielectric  constant  of  the  medium,  n  is  the 
conduc:  t  i  v  i  t  y ,  is  the  radian  frequency,  and  >0  is  tin  free-spare  permitti¬ 
vity-  The  losses  in  the  medium  (n  -  o)  can  he  included  without  violating 
the  TEM  mode  assumption  or  the  uniqueness  of  voltage  and  current 
definitions.  The  next  planned  steps  are  to  perform  these  measurements  in 
fresh  and  saltwater  media. 

4.4.  PLANS 

Plans  for  the  second  quarter  KYKT  are  to: 

*  Perform  cable-to-cable  coupling,  measurement  in 
air  and  water  and  analyze  results. 
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5.  WORK  UNIT  II. B. 3  CORONA  CONTROL 

5.1.  BACKGROUND 

A  small  but  significant  percentage  of  transducer  tai  lures  is  due  to 
breatvlown  of  electrical  insulating  materials.  A  physical  phenomenon  that 
contributes  to  these  failures  is  corona.  It  is  not  practical  to  test  the* 
completed  t ransducer  to  measure  t he  effects  of  corona  on  lifetime  and 
reliability.  Corona  format  ion  and  retardation  must  he  studied  at  the  com¬ 
ponent  or  piece-part  level  to  locate  and  inhibit  the  damaging  effects. 
Transducer  reliability  may  then  be  improved  by  control  of  design  parameters 
and  construction  processes. 

5.3.  Oli.IECTlVRS 


The  objectives  of  this  work  unit  for  KY82  are: 

•  Study  corona  inception  voltage  character i st ics  of 
various  electrode  and  material  assemblies  as  used 
in  transducers,  including  wiring,  wire  Insulation, 
foil  electrodes,  and  foil  solder  tab  coatings. 

•  Provide  roeommendat ions,  as  required,  for  specific 
transducer  improvements  to  avoid  corona  and  for 
corona  test  inn  that  will  improve  rel inbil itv. 

•  Prepare  a  handbook  on  transducer  corona  abatement 
and  control  that  can  be  used  to  prepare  transducer 
procurement  spec  if icat ions. 

5.3.  PROGRESS 


5.3.1.  Voltage  endurance  tests  were  performed  on  P/.T  ceramics  with  the 
insulating  surfaces  coated  by  Conap  type  CE-1171  material.  Earlier  tests 
had  pointed  to  this  material  for  further  evaluation.  The  voltage  endurance 
function  obtained  from  these  tests  showed  a  lower  average  voltage  break¬ 
down  than  the  results  for  other  coating  materials  tested. *  It  also 
revealed  a  trend  toward  early  breakdown.  Other  observations  were  that  the* 
cured  material  was  hard  and  fractured  easily.  Those  finding,.1:  do  not 
commend  Conap  CR— 1171  for  use  as  an  insulating  coating  for  transducer 
ceramic  surfaces. 


5.3.2.  A  general  goal  of  the  corona  control  effort  for  transducer1;  is  to 
maintain  the  corona  inception  voltage  (CIV)  satolv  above  the  working 
voltage.  The.1  compact  form  of  transducers  mav  not  contain  enough  space  t  o 
use  overdesign  methods  that  avoid  corona.  Therefore,  the  physical 
principles  that  affect;  corona  format  ion  need  to  he  appl  icd  to  the  design 
to  ensure  that  adequate  space  is  provided  to  meet  the  corona  requirements 


Corona  can  occur  if  air  or  gas  is  in  the  insulating  structure, 
voltage  level  at  which  corona  begins  is  dependent  on  (1)  gas  type, 
pressure  ami  temperature,  (3)  gas  g  tp  thickness;,  ('♦)  sol  id  insula! 


The 

(3)  gas 


1  1 


ion 


where  is  the  voltage  across  l  he  gas  gap  of  thickness  t  .  Corona  will 
occur  in  the  gas  gap  when  Vk,  exceeds  the  condit  ions  of  breakdown  voltage 
and  gas  gap  distance  given  in  Table  5.1.  These  values  and  F.q,  (5.1; 
assume  a  uniform  electric  field  for  a  specific  gas  at  the  applicable 
pressure  and  temperature.  The  data  in  Table  5.1  are  for  three  different 
gases  (air,  nitrogen,  and  sulfur  hexafluoride)  that  have  been  used  in  sonar 
transducers.  The  numbers  given  were1  t>btained  bv  interpolating  the 
required  points  from  curves  measured  by  other  investigators.  The  data  are 
considered  correct  for  standard  coiulit  ions  tit  20°C  and  101.7  kPa  (1  atm). 


For  other  conditions  of 

gas  temperature 

and.  pressure  t  h 

e  value  for  t  ^  is 

modified  using  t he  equal 

ion 

t  ' 

=  t  1(101.7  r’)/(291  P* )  1  . 

(5.2) 
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g 

where  t  *  is  the  new  gas 

gap  thickness. 

f1  is  the  gas  absolute  temperature 

and  P ’  Is  the  different 

gas  pressure  in 

kPa .  Kqunt  ion 

(5.2)  is  derived 

from  the  ideal  gn s  law. 
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from  nearly  uniform  to  a  medium  amount  of  divergence.  More  experimental 
work  is  needed  to  determine  the  magnitude  of  this  decrease  of  CIV  with 
divergent  electric  fields  in  air  and  the  other  gases. 

The  curves  of  Tig.  5 .  4  an*  experimentally  verified  when  applied  to 
transducer  ceramic  that  is  fractured.  Assume  the  ceramic  thickness  t|  is 
12.7  mm  (0.5  in.)  and  its  dielectric  constant  is  1000,  then  the  ratio 
calculated  is  0.0177.  An  extrapolation  of  the  air  curve  in  Fig.  5.4  shows 
that  C 1 V  is  less  than  0.5  kV.  Phis  is  observed  in  corona  tests  on  actual 
ceramic  and  presents  the  possibility  of  using  a  corona  test  to  detect 
ceramic  fractures  after  t ransducer  shock  tests. 


5.  1.  1.  A  study  was  made  to  determine  if  one  of  the  commonly  used  insulation 
materials  for  hook-up  wire  was  best  for  use  in  transducers. 


•  polyvinvl  chloride 

*  polyethylene 

*  polypropylene 

•  nylon 


•  poiytetraf luoroet hylene  (teflon) 

•  fluorinated  ethylene 

•  pel vchlorotet raf luoroet  by 1 one 

•  polyvinyl  id  ino  fluoride 


A  wide  range  of  comparable  character i st ics  were  considered  for  the  evalua¬ 
tion.  All  of  these  materials  have  some  deficiency  that  cause  them  to  be 
less  than  ideal.  However,  polvethvlene  and  teflon  were  the  materials 
with  the  best  composite  score.  The  difficulty  with  polyethylene  is  its 
high  temperature  limitation  (fh()°C)  and  with  teflon  is  degradation  in  the 
presence  of  corona.  This  investigation  revealed  no  particular  insulation 
material  that  can  be  selected  over  the  others. 


Primary  considerations  for  avoiding,  corona  on  hook-up  wire  are  the 
insulation  thickness  and  dielectric  constant  as  discussed  in  5.3.2,  For 
instance,  if  corona  is  to  be  avoided  on  hook-up  wire  with  teflon 
insulation  and  is  to  he  operated  at  5  kV,  it  can  be  determined  from 
Fig.  5.4  that  the  insulation  thickness  should  be  at  least  2  mm.  If  the 
insulation  is  polyvinyl  chloride,  the  thickness  should  be  about  5  mm.  Thus 
a  method  to  avoid  corona  on  wiring  is  to  use  sleeving  buildup  of  the 
in  su la  t  i  on ,  p  r e  f  e ra  b 1 v  u s  i  n  g  ma  t  e  r i a  1 s  w  i  t  h  a  low  d i e 1 ec t  r  i  c  c  on  st  an  t . 

5.4.  PLANS 


•  Continue  study  of  corona  inception  voltage  effects  using 
sol  id  barrier  insulation  with  various  electrode  shapes  in 
three  different  gases. 

•  Study  corona  formation  associated  with  foil  electrode  and 
solder  joint  geometry. 


b.  1 .  hackcroi'no 

The  list*  of  mathematical  models  for  the  prediction  of  performance  of 
transducers  and  transducer  components  should  be  utilized.  Many  work  units 
of  STRIP  aim  at  improving  components  such  as  ceramics,  fluids,  rubbers, 
etc.  The  effects  oi  such  improvements  on  transducers1  performances  need 
explicit  evaluation.  Tho  initial  approach  will  be  to  investigate  the 
effect  of  the  variation  in  ceramic  properties  on  transducer  performance 
using,  the  1'AC  program  and  known  product  ion  data  on  the  ceramic.  Later 
efforts  will  be  to  evaluate  changes  in  other  materials  on  transducer 
performance  to  determine  the  impact  of  "tight"  vs  "loose"  spec i f icat  ions. 

6.2.  OBJECTIVES 

The  objective'  of  this  work  unit  is  to  develop  and  utilize  mathe¬ 
matical  models  to  predict  transducer  behavior,  to  make  quantitative 
comparisons  between  predictions  and  evaluation  results,  to  understand  and 
resolve  unexpected  results,  to  provide  guidance  t o  R&D  in  materials, 
components,  and  noise,  to  provide  contingency  capability  for  future  problem 
areas,  and  to  provide  engineering  documentation  interfacing  the  transducer 
procurements  and  systems  applications  with  the  R&D  efforts. 

6.3.  PROCRESS 

Although  the  physical  principles  of  energy  conversion  of  fleet 
transducers  are  relatively  simple  the  do  contain  several  complex  mechanical 
components  which  make  the  prediction  of  their  acoustic  performance  quite 
difficult.  A  successful  approach,  long  in  use  among  transducer  designers, 
is  to  construct  a  mathematical  model  based  on  the  use  ot  idealized  electrical 
and  mechanical  components.  Realism  is  introduced  by  assigning  to  these 
components  parameters  whose  numerical  values  are  obtained  by  direct 
measurement  on  the  prototype  components  themselves.  The  resultant  mathe¬ 
matical.  model  is  translated  into  a  computer  program  which  then  becomes 
available  for  predicting  the  effects  of  new  design  modifications  or  the 
effects  of  component  failure.  In  essence,  the  computer  model  allows 
complex  experiments  to  be  conducted  (on  a  transducer)  in  the  laboratory 
without  the  presence  of  the  physical  object  itself. 

Of  particular  importance  in  this  report  is  the  proposal  to  explore 
changes  in  sonar  transducer  performance  due  to  random  variations  in 
component  properties,  brought  about  either  by  relaxation  of  procurement 
specifications  on  an  already  existing  component  or  hv  use  of  a  new  type 
replacement  component  whose  manufacture  is  subject  to  small,  uncontrollable 
var  iat  ions . 

The  numerical  experiment  is  of  the  Monte  Carlo  type.  It  comprises  ! irst, 
a  determination  of  the  probability  distribution  of  t  he  random  vari.it  ions 
in  selected  physical  (or  chemical)  properties  of  the  component .  Ihis 
distribution  provides,  in  effect,  a  storehouse  of  random  numbers  I  roni 
which  an  arbitrary  selection  can  be  made  upon  demand.  The  Monte  Carlo 


itselt  is  a  comp  i  Lit  ion  oi  hundreds  tor  l  !umis;iiiJsj  of  per formnneo  pro- 
dictions  calculated  successively  by  random  number  input  made  available  irom 
the  random  number  storehouse. 

Kach  component  oi  a  specific  Navy  transducer  can  thus  ho  subjected  t  o 
laboratory  experimentation  whenever  its  major  properties  are  altered  in  anv 
wav.  A  chief  reason  for  altera t  ion  is  the  overriding  need  to  improve  its 
reliability.  1  bus  a  quant  itat  ive  hkmsui'c  of  the  balance  between 
reliability  and  pe r f o rmance  is  obtained.  This  approach  will  first  be 
applied  to  tin*  fK-lVi  type  transducer. 

The  Gomjmter  Mod*.1 1 

Cnder  Navy  contract  NOOO.-4 - 7  1  — G—  1 1 90,  project  serial  number  S22 
task  lr)71,  the  (General  Klectric  Go.  Ileaw  Military  V'lectronic  Systems, 
Syracuse,  NY,  prepared  a  "Tser's  Mammal  fo  the  1'ransducer  Analysis 
(Tmpti ter  (TAG)  Program"  for  the  Naval  Ship  Svstoros  Command  (PMS0187)  , 
Washington,  DG  AOlbO,  This  manual  was  published  in  March  1^72.  In  the  TAG 
program  the  fR-loS  is  modeled  as  a  longitudinal  vibrator  inside  a  mount  in,; 
can,  considered  as  an  equivalent  s  ix-t  i  rm  ina  1  (three— port)  circuit,  made  up 
of  a  mechanical  branch  with  two  input  and  two  output  terminals,  and  a  two- 
terminal  (one-port)  electrical  branch  coupled  to  the  mechanical  branch 
through  an  e 1 ec t romechan i c a  1  transformer.  The  six-terminal  circuit  is 
decomposed,  into  "bl  ac  k-boxes"  connected  to  each  other  in  ser  ies/para  1  1  e  1  , 
with  input -out  put  terminals  separately  idem  ified.  It  is  shown  in  rip.  1 
of  the  user's,  manual.  In  the  31 -t  ransduc  e  r  there  is  a  simple  largo  pio/.o- 
ceramic  driver  in  the  form  of  a  hollow  cylinder,  12.7-cm  long,  10.2-cm  diam, 
and  U.hr)-c::i  thick  elect  roded  on  in  the  inner  and  outer  surfaces.  Tn  the 
31-transducer  there  are  several  hollow  piezoceramic  cvl inders,  electroded  on 
the  ends  and  cemented  in  echelon. 


Vhe  method  of  analyzing  the  dynamic  response  of  the  TR-l'SS  employed  in 
the  user's  manual  consists  in  treating  each  component  "black-box"  as  bavins, 
a  mechanical  input  Tj  ,  \'\  (I.-  left)  and  a  mechanical  output  fL>,  ( K  =  right), 

and  relating  forces  and  velocities  by  use  of  impedance  parameters.  The 
mathematical  model  takes  the  form  of  a  matrix  equat  ion.  When,  in  addition, 
the  component  "black-hox"  has  a  one-connect  ion  electrical  svstem  as'  an  input 
source,  the  parameter‘s  K,  I  are  included  in  the  matrix  equation.  Thus,  in 
terms  of  impedance  parameters  M  •  .  the  general  matrix  relation  which  couples 
electrical  to  mechanical  parameters  becomes 
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In  essence  TAC  iias  been  constructed  in  a  direct,  simple  way  in  order 
to  permit  per  ■  ormance  predictions  to  be  made  with  minimum,  but  necessary, 
input.  It  accomplishes  this  by  use  of  a  i»roup  of  easily  accessible  sub¬ 
routines.  A  list  of  t  he  most  useful  of  those  i  presented  below  for 
ready  reference: 

PERFORMANCE  PARAMETER 

SUBROUTINE  CALL  NAME  CALCULATED  BY  THE  SUBROUTINE 


LSW (12)  = 

.  TRUE 

Electrical  Admittance 

7 Impedanc 

LSW (13)  = 

.  TRUE 

Free -Field  Rad i a t  i on 

Load  ing 

I.SW(  14)  = 

.  TRUE 

Resonant  Frequency 

LSW (15)  = 

.TRUE 

Ant i-Resonant  Frequency 

LSW  (lf>)  = 

.  TRUE 

Tran  sin  i  t  and  Rec  e  i  ve 

Response 

LSW (17)  = 

.TRUE 

Array  Performance 

These  subroutines  will  be  selected  in  subsequent  reports  to  carry  out  a 
statistical  evaluation  by  Monte  Carlo  methods  of  the  effects  of  random 
variations  in  ceramic  properties  on  elect roacoust ic  performance  of  the 
TR- 155. 


;’?CT7.-n,;v:  Highlights  of  the  TAC  program  have  been  briefly  reviewed. 

More  detailed  analyses  will  be  forthcoming  in  a  second  report.  To  use*  TAC 
one  requires  a  number  of  inputs.  However,  it  is  emphasized  that  realistic 
inputs  must  come  from  measurements  on  prototype  const ruct ion.  This  is 
discussed  next. 

Input  Parameters  and  Their  Relation  to  Experimental  Measurements 

The  input  to  the  TAC  program  consists  of  fixing  the  numerical  values 
of  many  input  parameters  in  the  manner  outlined  in  the  user’s  manual.  The 
procedure  for  making  inputs  is  sufficiently  complicated  to  warrant  an 
extended  review.  However,  to  remain  brief,  the  parameters  are  coupling 
coefficient,  figure  of  mer1 %  mechanical  compliance,  blocked  capacity, 
electrical  and  mechanical  loss  factors,  turns  ratio,  and  mechanical  n. 

In  practice,  the  properties  of  the  piezoceramics  as  measured  by  the 
transducer  manufacturer  are  not  directly  inser table  into  the  T*  «...  A 
conversion  routine  is  used  to  transfer  company-suppl ied  data  to  the  compute 
program  itself. 

TAC  Appl ieat ion 

The  11-mode  piezoceramic  cylinder  that  servos  as  a  f orcc/vel oc i t v 
generator  in  the  TR-155  is  shown  in  Tig.  b.l.  In  recent  years  the  supplier 
has  been  obliged  to  furnish  data  cards  for  some  10/  of  a  given  procurement 
listing  these  properties: 

•  the  stress-free  electrical  capacity  (farads) 

•  the  electrical  tan 

•  the  mechanical  resonant  frequency  (kilohertz) 

•  the  mechanical  anti-resonant  frequency  (kilohertz! 
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6.4.  PLANS 


•  Recognizing  that  the  175  point  data  bas-o  on  ceramic  properties 
falls  somewhat  short  for  a  statistical  analysis  we  shall  seek 
to  obtain  at  least  2000  data  points. 

•  Once  2000  additional  data  points  are  obtained  wo  will  repeat 
the  construction  of  histograms  and  their  corresponding 
distributions  by  methods  detailed  above  in  this  report  . 

•  When  all  random  parameters  and  their  corresponding  TAC  inputs 
are  in  hand  we  plan  to  run  a  Monte  Carlo  experiment  to  determine 
the  statistics  of  performance  variation  due  tu  the  random 
variations  in  ceramic  properties  as  furnished  by  industrial 
suppl iers. 


report  will  then  be*  issued. 

2  9 


•  An  interim 


7.  WORK  UNIT  IV.B.l  SQS-56  Transducer  Product  Fabrication  Specification 

7.1.  BACKGROUND 

In  the  past  the  Navy  has  procured  rep  1  acement  sonar  t  ransJurtTs  using 
performance  specifications  which  allow  t  hi*  success?* u  1  bidder  to  radically 
change  the  transducer  hardware  design  even  in  t  ho:,e  cases  where  a  verv 
successful  t  ran  sducer  had  a  1  read;,  hei-n  produced.  Vais  has  often  led  to 
costly  and  time-consuming  deficiencies  and  problems  in  tin.'  result  itu;  hard- 
ware.  The  question  has  been  asked  "V.'hv  are  sonar  t  ransducers  different 
from  other  hardware;  that  is,  why  must  we  allow  these  changes  once  ve  have 
successfully  produced  a  given  sonar  t ran sducer?" 

At  present,  the  state-of-the-art  is  such  that  a  stand-alone  build-to- 
print  specification  is  not  likely  to  be  successful,  primarily  because 
transducer  performance  is  critically  sensitive  to  el oct romeehnn ica 1  pro¬ 
perties  of  the  ceramic  and  current  manufacturing  techniques  cannot 
economically  ensure  adequate  consistency  of  these  properties.  Fortunately, 
it  is  possible  to  solve  the  problem  being  addressed  without  total  adherence 
to  the  idealised  goal.  This  is  accomplished  by  relaxing  tin*  "huild-to- 
print"  requirement.-  on  certain  components  and  processes  in  t he  transducer 
to  allow  for  adjustments  to  compensate  for  ceramic  variations.  The  problem 
is  how  to  provide  those  design  adjustment  schemes  in  such,  a  way  that  the 
contractor  can  reasonably  be  held  responsible  for  unit  performance  while 
producing  practical  replicas  of  the  proven  transducer  elements. 

7.2.  OBJECTIVES 

The  objectives  of  this  task  are  to  theoretically  characterize  and 
experimentally  validate  design  adjustment  schemes  (DAS’s)  for  possible 
inclusion  in  future  SQS->6  Transducer  Product  ion  Fabrication  Spec  if icat ions, 
which  will  produce  practical  near  replica  transducers  on  a  product  ion  1  ine 
basis.  A  secondary  objective  is  to  develop  DAS  data  of  more  general 
app 1 icab i 1 i t  y . 

7.3.  PROGRESS 

An  i  t  era t i\  approach  is  being  applied  to  accompl  ish  this  task. 
Available  theoretical  models,  experimental  techniques,  and  minimum  modifica¬ 
tions  of  hardware  are  being  utilized  in  th-  first  iteration  to  produce 
results  as  fast  as  possible,  and  to  determine  where  improvements  are 
required.  An  effort  is  being  made  to  have  a  yood  balance  between  theory 
and  experiment.  However,  experiments  of  sufficient  scope  to  provide 
statistically  satisfying  data  arc  beyond  the  resources  of  this  task. 
Therefore,  everv  effort  must  he  made  to  supplement  t he  experimental 
evidence  with  data  from  production  contracts. 

At  the  initiation  nf  the  DA'i  serein  described,  a  competitive 

buy  of  longitudinal  vibrator  transducer  elements  was  anticipated  for  the 
1  u 

SOS-V>  sonar  appl  icat  ion.  The  frit  it  a!  it»  m  product  ion  specit'icat  ion 

represents  a  first  r,  lnrl  to  con  train  tin*  sut  <  essf  u  l  bidder  to  produce  i 

"near  r«q>l  if  a"  « >  t  a  i’ovcrmnfnl  sc  1  o  ted  and  v«*rif  ied  transducer  element 
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Due  to  time  and  money  constraints  in  the  original  j’ovornmi'iU  design 
effort  (resulting  in  the  ref erence  element),  a  theoretical  radiation  model 
for  the  array  was  not  fully  achieved.  Therefore,  one  task  in  the  first 
iteration  has  been  to  determine  the  problems  lor  the  array  model,  correct 
them,  and  to  hep, in  adapting  the  result  inp  arruv  model  as  required  1  or  the 
present  task.  The  lack  of  an  adequate  arruv  model  in  tin*  original  design 
effort  required  that  simplifying  assumpt  i<»ir,  and  constraints  he  placed  on 
the  class  of  permissible  designs.  'fhis  nsid  t  t  <1  in  extensive  reliance  for 
design  purposes  on  a  single  element  in  a  rip,  id  halt  It  ptediet  ive  model. 

Much  use  has  been  made  of  the  s  ingl  e-e  1  emeu  t  model  ii;  the  t  irst  iterat  ion. 

It  is  believed  t  Mat  DAS  trends  deduced  from  s  i  ng  l  e-e  lenient  model  predic¬ 
tions  will  !u  of  great  value  to  the  task  in  their  own  right,  a^  well  us 
economical  starting  points  for  invest igat  ions  involving,  the  arruv  model  as 
it  becomes  available.  In  particular,  all  of  the  DAS  observations  reported 
herein  are  based  on  a  model  for  a  single  element.  ‘IK*  *;  i  nr  1  e-e  1  erneru  model 
consists  of  a  separate  plane  wave  model  for  all  of  the  components  indicated 
in  the  primary  assembly  except  for  the*  radiating  head.  Tims  far  in  a  riven 
transducer  all  ceramic  rings  have  been  assumed  to  be  identical.  Since  it 
is  known  that  the  radiating  head  has  significant  flexing,  thi;  component 
was  modeled  using  finite  element  theory  with  a  corresponding  acoustic 
radiation  theory  based  on  the  half  space  ('.reen's  function. 

Progress  Based  on  Singl e- Element  Model 

In  the  original  design  etiort  reuniting  in  the  reference  element 
the  computer  program  was  instructed  tv)  select  the  ceramic  lengths  to 
achieve  the  required  Fm  on  the  PSA,  to  select  a  parallel  inductor  (one 
component  of  the  equivalent  circuit  for  tin*  uut ot ransf ormer  indicated  mi 
Fig.  7.2)  which  gives  an  in -water  phase  /ingle  of  O’  /it  8  kHz,  anil  to  select 
the  autot  ransformer  turns  ratio  such,  a  s  to  make  the  minimum  impedance  in 
the  transmit  band  equal  to  160  ohms  (changed  to  JDj  ohms  in  the  present 
analyses).  The  DAS's  considered  thus  far  are  basically  variations  on  these 
design  criteria. 

The  component  labeled  "switching  matrix"  in  Fig.  7.2  presents  a  short 
circuit  in  transmit  but  an  open  circuit  in  receive.  Thus  the  autotrans¬ 
former  is  not  operative  in  the  receive  mode  so  that  neither  t  fie  turns  ratio 
nor  t fie  inductance  is  available  as  part  of  a  HAS  tor  is •«  «.  ive. 

In  order  to  proceed  with  tin*  f  irst - i terat  ion  analyses,  it  was 
necessary  to  estahl  isii,  at  least  on  a  prel  iminary  basis,  the  range  of  !T;-* 
ceramic  variations  (i.e.,  the  complex  ggj,  .and  polarization  pa  ranet  er  d . 

From  discussions  with,  ceramic  manufacturers  it  became  apparent  that  , 
although  it  was  possible  t  o  obtain  est  incites  of  the  extreme  variation-.,  n>» 
information  was  ava  i  1 -able  as  to  the  distribut  ions.  Moreover,  there  di<l  not 
appear  to  be  available  any  quant  it  at  ive  inforrn.it  ion  «»n  tin*  corn  1  at  ion  ►* 
parameter  variat  ions.  A  literature  seareh  revealed  an  art  icle  hv 
Her  1  incout  that  examines  the  variat  imis  ot  the  commit  yir.irm-t  .  r  a-, 

functions  ot  the  t  horoughness  of  po  1  ing.  That  wort-  showed  that  a  -  po  1  ins 

was  varied,  .and  g  j  ^  varied  in  constant  propot t  ion,  whiii  s  j  ^  vat  ied 

inverse  1  v  with  respect  to  the  other  two  p.  1 1  one  t  e  r  s .  For  the  }  ir  t  --iterat  ion 

analysis,  the  assumpt  ion  that  variat  ions  in  the  properl  ie  on  re-. pond  to 

pol  ing  variat  ion?-,  has  been  adopted.  A  max  i  mum  variat  ion  of  *  /' .  >  on  ea*  h 


pa  r  nine  t  e  r  has  Invu  used.  I’h  i  .  value  tor  t  he  maximum  vuriut  i  <  >n  liar1,  been 
adopted  somewhat  arhitrarilv  based  on  some  measured  data  and  the*  informa¬ 
tion  provided  by  ceramic  niamit  net  urers. 
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Kip,.  7.7  -  Tvpieal  transducer  element  suit*  mat  i> 

Instead  ot  con  s  ider  i  up,  on  I  *  t  tie  Itnetii  o!  the  ;■  1  e.*.oe  I  ee  t  r  i  e  ceramic 
rinps  to  adjust  t  lie  l,L’A  1 1  >  r  variat  ion*-;  in  »  ennic  parameter  >,  t  hree 
dif’i’erent  components  of  the  PS.\  uvr<‘  eoa^ideiaai  independent  i  v  as  adjust¬ 
ments:  01  .inic  rin-.*  lone  tbs,  he, id  fiber/ la  :  w  usher  h  u.;t  'i,  and  tail  fiber- 
itla:s  washer  lenpth.  K<»r  tire  ranpt  of  ceramic  pa  rum  ter  variations, 
eonsidered,  it  turns  out  that  ad  just  meat  s  a  ana,  an  •  one  of  the  three  r<>m- 
ponents  considered  (ceramic  rine  leapt h,  l  ead  t  i  here  I  a*  e  wa  her  leri/th,  or 
tail  fiberglass  washer  leapt h)  result  in  rou/.hlv  the  .ume  sinp,le  element 
per f ortnanee .  S< ’me*  of  the*  important  diilerenn  •  ait*  di'-eussed  below  in 
conjunction  with  d  i  sens.*-;  ions  of  Kips.  7.  1  '  hrouv.h  7  .  (a 


In  tin*  analvses  that  ha  „*e  been  performed,  the  -  omputer  ha*:  been 
prop rammed  to  prodtu  e  a  plot  that  shows,  as  ,i  l  unci  ion  ot  trerpiencv,  e.u*h 
o|  the  performance  factojs  to  he  eon  si  lit  red.  In  each  ot  t  ho  computed 
examples  shown  O'ips.  7.  i  t  lirouph  7.f>)  seven  curves  are  shown.  Kadi  curve 
cor ia  ponds  ti^  parameters  that  have  be*,n  varied  (both  the  real  and 
imapinurv  parts)  from  those  determined  for  t  lu*  refiTeuce  element  bv 
pereent apes  sliown  in  Table  7.1.  Also  shown  are  the  svnihols  used  to 
ideal  if  v  the  correspond  iup  curve.  Table  lists  I  be  plots  that  are 

produced  in  cat  !i  ease.  With  reference  to  1  aM*‘  7.7,  I' is’..  7.  1  shows 


ease. 


d 


examples  o  t  plot  !;  Kig.  7  .  *'*  shows  examples  of  plot  d;  Kig.  7.")  shows 
examples  lit  plot  3;  and  Kig.  7-b  shows  examples  ot  plot  «,  In  oath  figure 
the  first  three  parts  (tor  example.  Kip,.  7.  ha.  Kip.  7.  Hi,  and  Kip.  7.  h  ) 
represent  t  tie  ease  where  the  head  1  ibergluss  washer  is  used  to  adjust  the 
PSA,  while  the  fourth  part  (Kip.  7.  hi)  the'  p  i  e.:oi  1  ee  t  r  i  e  ce  ramie  length 
adjustment  is  represented.  The  head  t  iberg,lass  washer  ease  was  chosen 
because  it  pave  one  ot  t  he  best  resul t  s  on  t  he  receive  response  (Kip.  7 . Sr) 
and  otherwise  illustrates  the  general  trends.  The  ceramic  stack  length 
case  is  presented  for  comparison  to  illustrate  differences  among  the  cases. 

As  mentioned  previously,  t he  current  product  spec  if  icat  ion  for  the 
SQS-Sb  element  chills  for  constraining  Kfri  as  a  basis  for  the  DAS.  Ksing  F 
as  a  design  constraint  (implemented  by  one  or  the  other  of  the  length  adjust 
ments  discussed  above)  results  in  certain  performance  factors  (such  as  input 
impedance  magnitude)  being  almost  identical  (in  the  frequency  band  of 
interest)  for  the  range  of  ceramic  parameters  considered,  whereas  certain 
others  (such  as  input  impedance  phase  angle)  are  deviat  ing. 


In  an  attempt  to  bring  the  remaining,  performance  factors  more  into 
agreement,  t  lie  use  of  Kn  as  a  design  eonstraint  was  tried.  Fn  is  defined 
as  the  frequency  where  t  lie  in-air  admittance  ot  the  PSA  is  a  relative 
minimum.  The  Fn  used  is  that  of  the  reference  element  (8.  70  kHz.).  It  was 
found  that  use  of  Fn  generally  reverses  the  quantities  which  give  agreement 
and  which  deviate.  For  example,  using  Kn ,  the  impedance  phase  angles  aie 
almost  overlaps  in  the  transmit  band  of  interest  whereas  the  impedance 
magnitudes  vary.  Comparison  of  Figs.  7.  .fa  and  7.3c  with  Figs.  7. ha  and  7. he 
shows  that  matching  Fm  produced  the  best  matt b  of  impedance  magnitude  in  the 
transmit  bands  (indicated  by  *  *■)  while  matching  Fn  produced  the  best  match 
of  impedance  phase  angle.  Such  trends  occurred  in  general  and  this 
suggested  the  use  of 
compromise  DAS. 


1*'av  as  the  constraint 


slum  Id  one  desire  the  best 
for  Figs.  7. lb  and  7.hb.  There 
fore,  the  average  frequency  between  Fm  and  Fn  (F,yy  =  ( Fn  •+  Fp)/J)  has  been 
adopted  as  a  third  trial  design  constraint  for  the  f  irst  -  i  t  erat  ion  analyst's. 


It  is  noteworthy  that  the  SQS-r>b  system  is  more  sens  it  ivo  to  input 
impedance  phase  angle  than  impedance  magnitude  due  to  t  lie  characterist  i  <  ■  s 
of  the  t ranm i t  power  amplifiers.  Thus,  at  least  for  input  impedance 
considerat  ions,  the  Fn  match  might  be  preferred  over  the  Fm  match  as  a  DAS 
for  the  SQS-r>h  s  v s t  em . 

Figure  7.  f>  ind  fixates  that  mat  chin  -  F  gives  the  best  DAS  for  transmit 

m  ,y 

voltage  ri'Sj>oii?;i‘.  In  fact  ,  for  the  range  of  ceramic  parameter  variat  ions 
con  s  i  dered  (and  the  ;cale  plotteil)  no  different  es  are  observable.  i>n  the 
oliu-r  hand,  none  of  the  DAS f  s  sliow  drast  i«  variat  ion*;  in  transmit  voltage 
response . 

Keen  11  (Fig.  7.  d  )  that  in  reeeivi  ,  the  an  t  o  t  ran  sf  orm«  r  is  dis¬ 
connected  from  the  fir*  nit  *  and  the  reeeive  band  is  t  rori  1  to  It)  kHz.  Pup. 

t  he  on  1  v  adjustments  considered  thus  Kir  in  the  receive  mode  are  to  the  FSA. 
lilt  lease  deviation  in  open-r  i  roil  i  I  reielVi  r*  pon.e  (the  preamps  have  \ 
verv  liigh  impedance)  observed  thus  tar  illustrated  in  Fig.  7.  he  (matching 
Fn  bv  adjust  ing  t  lie  head  fiberglass  wasln  r).  I  lie  largest  deviat  inns  oyer 
the  frequency  band  are  illustrated  in  Pis.  /  .  *»d  ( rut  <li  in>’  !'n  bv  id  j  u  •  t  i  nr 

ce  ram i <.  I eugt  h ) . 
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Planned  Validation  Kxper  imont  s 

In  general,  experiments  are  planned  to  verify  .some  of  the  conclu¬ 
sions  reae lied  in  the  single-element  theoretical  study.  However,  the  hard¬ 
ware  is  also  suitable  tor  extension.-;  planned  in  the  future  such,  as 
consideration  of  ring  s elect  ion  procedures. 

Experiments  have  been  designed  to  obtain  piezoelectric  ceramic 
parameters  via  the  dumbbel 1  method*'  lor  one,  two,  three,  and  four  r i ru's 
where  each  ring  is  measured  independently  and  then  the  various  combinut  io:w. 
of  rings  (two's,  three’s,  four’s)  are  obtained.  In  each  case,  whether  it 
be  a  single  ring  or  more ,  the  dumbbel L  masses  are  selected  so  that  the 
frequency  Fni  is  close  to  that  specified  for  the  PSA.  The  experiments  will 
be  conducted  without  cement  joints. 

Parts  are  available  for  two  complete  low-field  elements.  Must 
components  will  be  modii ied  so  that  external  transformers  and  inductors 
may  he  used  for  flexibility  and  so  that  different  ceramic  stacks,  fiber¬ 
glass  washers,  as  well  as  rubber-covered  head  assemblies  rcr  v'e 
considered.  This  effort  has  been  initiated. 

Ar  r av  Mode 1  in g 

A  computerized  model  is  currently  being  developed  to  investigate 
transducer  element  behavior  within  the  SOS-^b  arrav.  lo  treat  radiation 
interactions  between  transducers  in  full  generality,  the  arrav  model 
includes  a  dynamic  representation  of  the  transducer  head  using  normal 
modes.  Both  symmetric  (full  eight-fold  symmetry  of  t Vie  square  head')  and 
asymmetric  modes  arc  accounted  for.  Only  the  symmetric  modes  ar>  assumed 
to  be  driven  by  the  transducer  element;  asymmetric  modes  are  included  as 
possible  scatterers  of  the  radiated  field.  Inter-modal,  inter-element 
radiation  interactions  are  computed  from  the  (Teen’s  function  for  an 
infinite  rigid  baffle.  In  its  current  form,  the  model  allows  a  regular, 
retangular  array  on  a  plane  baffle.  Modification  to  a  cylindrical  baffle* 
providing  a  closer  approximation  to  the  SnS-5b  array,  will  be  accomplished 
by  substituting  the  appropriate  Green’s  function. 

The  array  model,  including  flexing  heads,  interfaces  with  transducer 
element  models  at  the  stress-rod  and  ceramic  stack  annulus.  To  be 
consistent  with  the  SEADUCER  plane-wave  element  models,  the  interface 
conditions  are  equality  of  average  velocities  and  average  stresses  over  the 
ceramic  and  stress-rod  areas.  Element  models  for  various  positions  within 
the  array  need  not  be  identical,  thus  permitting  investigation  of  array 
performance  with  random  perturbations  in  the  element  construction  or 
ceramic  properties.  To  exercise  the  model,  a  rectangular  array  is  defined 
by  number  of  elements  and  element  separations  along  each  axis.  For  each 
element  position,  a  transducer  model  is  created  by  SEADPCER  and  reduced  to 
a  three-port  matrix.  Port  variables  are  forces  on  the  stress  rod  and 
ceramic  stack  and  either  voltage  or  current  at  the  electrical  terminals, 
depending  on  drive*  conditions.  (For  the  Sf}S-r)b  arrav,  linkage  of  the 
eight  elements  in  a  stave  to  a  common  drive1  amplifier  will  he  included 
in  the  model  at  a  later  time)-  Applied  voltages  (currents)  corresponding 
to  an  intended  steering  are  used  as  forces  on  a  matrix  problem  to 


determine  (’iirrfiit  s  ( vo  1  tages)  and  stress  rod  and  stark  velocities  on  each 
element.  These  ran  hi-  used  either  outward,  to  ralculatr  array  source 
level,  receive  response  level,  and  beam  patterns;  or  inward  to  develop 
detailed  analyses  of  velocities,  forces,  stresses,  strains  and  electric 
fields  within  individual  array  elements  using  SEADUCER. 

7.4.  PLAN'S 

Plans  ter  tlie  l-'Y^d  second  quarter  include  trie  following: 

•  Add  phase  transfer  graphic  outputs  for  transmit  and 
receive  response  to  augment  the  existing  amplitude  plots. 

•  Begin  consideration  of  ring  selection  procedures  in  DAS*s. 

■  (live  increased  attention  to  the  receive  mode  in  developing 
DAS' s.  For  example,  consider  dependent  adjustments  of 
ceramic  length  and  head  or  tail  fiberglass  washer  length. 

•  Add  transmit  and  receive  response  and  beam  pattern  outputs 
to  the  array  predictive  capability. 

•  Obtain  more  definitive  SQS-56  system  constrat  ings  and 
requirements  on  array  performance  (receive  and  transmit). 

•  Begin  exercising  array  predictive  model. 

•  Assess  tin*  feasibility  of  adding  a  predictive  capability 
for  the  elastomer  on  the  flexing  head. 

•  A s s e s s  f ea s i b i 1 i t  y  of  d e ve lo p  i n g  and  u s i n g  a  modu 1 a r 
power  amp! i f ier  predict ive  model . 

•  Continue  in-house  experimental  hardware  development  and 
beg,  in  experiments. 

•  Plan  candidate  cooperative  effort  to  obtain  DAS  data  as 
part  of  the  next  SQS-56  transducer  procurement. 

One  end  product  will  be  a  sample  specification  incorporating  a  well- 
understood  and  careful lv  controlled  DAS.  This  DAS  will  In*  such  that  a 
production  contractor  can  st  ill  be  held  responsible  for  the  s  ingl e-el ement 
performance  even  though  most  of  the  components  are  specified  as 
Mbu ild-to-pr in t . " 
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